A possible new phase of carbon nitride was synthesized by shock wave using a precursor of mixture of graphitic carbon nitride (g-C 3 N 4 ) with iron powder in a weight ratio of 10:90 at the flyer velocity of about 3.0 km/s driven by explosive detonation. The results of XRD and TEM indicate that the new phase possesses four weak diffraction peaks at 2θ=36.06° (d=2.489Å), 41.90°(d=2.154Å), 60.88°(d=1.520Å) and 72.98°(d=1.295Å) besides a strong diffraction peak of graphitic carbon nitride at 2θ=27.70° (3.218 Å) and shows a few tube-like structures in a diameter of about 200∼300nm and in a length of about 1000∼3000nm with the exclusive element composition of carbon and nitrogen identified by EDX characterization.
Introduction
The existence of crystalline carbon nitride (β-C 3 N 4 ) with the hardness comparable to that of diamond was predicted in 1989 by Liu and Cohen [1] . Much more efforts have been made in both theoretical consideration and experimental synthesis of various carbon nitrides, such as α, β, cubic, pseduocubic and graphitic C 3 N 4 [2] [3] . Among them, β-C 3 N 4 and cubic C 3 N 4 are new superhard materials with larger bulk modulus than that of diamond. Although the pure β-C 3 N 4 has been synthesized successfully [4] [5] , the pure cubic-C 3 N 4 has not been obtained experimentally. It is well known that the both of diamond and c-BN have been obtained from their counterpart of low pressure phase, graphite and h-BN, via pressure-induced transformation. So it is a hopeful way to obtain the carbon nitrides with high density or their derivate phases by shock loading on some suitable precursors of rich-nitrogen C-N compound containing the structure similar to C 3 N 4 among which the graphitic carbon nitride (g-C 3 N 4 ) considered an important precursor for cubic-C 3 N 4 synthesis under high pressure. There are some reports on the transformation of g-C 3 N 4 under static high pressure using synchrotron radiation in DAC. Ming et al [6] reported that a cubic phase of C 3 N 4 was discovered, but it has not been predicted theoretically. Han et al., [7] explored pressure-induced phase transitions of g-C 3 N 4 by in-situ electrical resistance measurement.
Here we present a possible new C-N phase synthesized by shock wave loading of g-C 3 N 4 prepared via benzene-solvothermally route.
Experimental method
The precursor of graphitic carbon nitride (g-C 3 N 4 ) was prepared via benzene solvothermal route using cyanuric trichloride (C 3 N 3 Cl 3 ) and sodium amide(NaNH 2 ) as starting reagents under 195°C for 15h. The reaction formula is given as follows [8] : C 3 N 3 Cl 3 +3NaNH 2 = g-C 3 N 4 + 2NH 3 + 3NaCl The final products were washed by distilled water and acetone several times and dried in vacuum. The obtained g-C 3 N 4 is pale yellow powder. A serial of shock loading on the g-C 3 N 4 were carried out using flyer impact driven by detonation of the main charge of nitromethane that was used in previous work [9] . The steel flyer was propelled to a high velocity ranging from 1.2 to 3.5 km/s which can be regulated by varying the flyer thickness and the height of main charge. The steel flyer impacted the container with the samples subjecting to shock wave compression. The experimental conditions are shown in Table 1 . The approximate calculation on the shock pressure and temperature in Table 1 can be described elsewhere in detail [10] .
The mixture of g-C 3 N 4 with copper, iron or nickel powders in a weight ratio of about 10:90 was pressed into a container. The density of a pressed mixture ranged between 4.0 and 4.5g/cm 3 depending on applied pressure. The metal powders were used to increase shock pressure and temperature and to be a catalyst for promoting the transformation of g-C 3 N 4 . After successful recovery, the container was cut open to take out the sample. To remove the metal matrix, nitric acid was used at heating conditions. The black residue was collected after washing repeatedly with distilled water.
The phase composition of the recovered samples was determined on an X-ray diffractometer (XRD) (Rigaku D/MAX-2500) using Cu Kα radiation at 40kV work voltage and 200mA work current. Microstructures were observed by a transmission electron microscope (TEM) (Hitachi H-800) at an accelerating voltage of 200kV.
Results and discussion
Usually, a few research reports on the transformation of g-C 3 N 4 under static high pressure indicate that a possible cubic C 3 N 4 was synthesized under pressure of 21∼38GPa and temperature of 1600∼3000K in a diamond-anvil cell by laser heating [6] . At room temperature and up to 44GPa, g-C 3 N 4 is also stable [11] . So the transformation of g-C 3 N 4 may be easier to occur under the higher pressure and temperature. We carried out three comparable shots on the mixtures of g-C 3 N 4 and different metal matrix which have different impedances and chemical activities at the same flyer velocity of 3.37km/s. Fig. 1(a) shows typical XRD patterns of the precursor of g-C 3 N 4 . The strongest sharp reflection peak at the position of 27.7°(d=3.22Å) matched the predicted XRD data of g-C 3 N 4 for (002) [12] . It can be seen that the main diffraction peak of g-C 3 N 4 for (002) still exists in all the shocked samples after shock and acid treatment indicating the structure of g-C 3 N 4 is basically stable at present shock condition. However, the different metal matrixes show some interesting results. Using copper matrix, g-C 3 N 4 precursor does not transform. There are only two diffraction peaks Phase1 and phase2 are shown in Fig.1 . a ρ 00 is pressed sample density.
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for residual Cu powder( Fig.1(d) ). Using iron matrix, the new four weak diffraction peaks at 2θ=36.06° (d=2.489Å), 41.90°(d=2.154Å), 60.88°(d=1.520Å) and 72.98°(d=1.295Å) appear as marked by symbol of solid circle {phase1}in Fig.1(c) which can not be identified as any ferrous impurity except for a little diffraction peak of Fe 3 O 4 marked by symbol of diamond. Using nickel matrix, the another four weak diffraction peaks at 2θ=37.14° (d=2.419Å), 43.22°(d=2.091Å), 62.98°(d=1.475Å) and 76.32°(d=1.247Å) appear as marked by symbol of open circle {phase2} in Fig.1(b) which is very similar to that in Fig.1(c) except for three strong diffraction peaks of residual Ni powder.
For comparison between the phase1 and phase2, both phases were obtained in different matrixes having little different shock pressure and temperature but were observed as the nearly same peak positions and intensities. It must be pointed out that all the four diffraction peaks of phase 2 have systematically shifted to higher angle of 2θ compared to that of phase 1 indicating the phase1 and phase2 may have similar crystal structures because it was formed in a non-equilibrium process of shock compression. For searching the phase1 or phase2, it is found that a few tube-like structures in a diameter of about 200∼300nm and in a length of about 1000∼3000nm appeared in Fig.2 given by TEM for sample No.103. which corresponds to the exclusive element composition of carbon and nitrogen identified by EDX characterization. The similar tube-like structures also have been found in sample No.102. However, the typical layer structure of g-C 3 N 4 only has been found in sample No.100. The results indicate that the possible C-N phase can be obtained in Fe or Ni metal matrix by shock loading on g-C 3 N 4 except for Cu matrix. It is believed that Fe or Ni has similar role to promote the transformation of g-C 3 N 4 under shock action into a tube-like C-N structure as a catalyst for activation of C-N bond [13] . But the Cu powder is only to be as an inert matrix to increase shock pressure and temperature. 
Conclusions
The two possible new C-N phases with similar structures have been synthesized by shock loading on the mixtures of g-C 3 N 4 precursor and Fe or Ni powder which can be as a catalyst. It may be a hopeful way to obtain the predicted superhard carbon nitrides or their derivates by shock loading on g-C 3 N 4 using some suitbale metal catalysts.
